SUMMARY
The presence of a low molecular mass polypeptidic antigen in Borrelia burgdorferi was described. The protein was exposed at the bacterial surface since it was clearly identified by mAb 3H4 using the immunofluorescence test performed with living bacteria. This antigen was cleaved by proteinase K treatment, whereas it was resistant to the action of chymotrypsin, trypsin and thermolysin. Western blotting analysis of the immunological reactivity of this antigenic structure performed using monoclonal antibody, mouse-immune ascitic fluids raised against B.
burgdorferi and other spirochetes, sera from patients with Lyme disease and other infirmities in which false positive results in serological tests for
B. burgdorferi have been described, demonstrated
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INTRODUCTION
Borrelia burgdorferi, a helical-shaped bacterium belonging to the order Spirochaetales, has been recently recognized as the causative agent of Lyme disease [1] . Several studies have been performed to investigate the humoral immune response against this bacterium during human infections, suggesting that several antigens are usually recognized by serological response in all the stages of the disease [2] [3] [4] . Among the antigens recognized by sera from Lyme disease patients, an immunogen in the 13-16 kDa molecular mass range has been described [5, 6, V. Sambri et al., personal communication] .
The aim of this study was to partially characterize this antigen, which proved to be a protein expressing species-specific epitopes. 
Bacteria
B. burgdorferi strains B31, IRS, 297 and HII were used [7] . Borrelia hermsii HS-1 strain [8] , Leptospira icterohaemorrhagiae [9] , Treponema pallidum ssp. pallidum [10] and Spirocheta aurantia strain M-1 [11] were also utilized. Culture conditions and harvesting technique were as reported before [7] [8] [9] [10] [11] .
SDS-PAGE
SDS-PAGE was performed following the technique described by Laemmli [12] , as previously described [13] .
Western blotting
After separation with SDS-PAGE, the proteins were electrophoretically transferred onto nitrocellulose sheets using the method of Towbin [14] , as described before [13] .
Production of animal immune ascites
Female BALB/c mice were injected intraperitoneally with heat inactivated bacterial bodies, briefly sonicated (using a model B-12 Branson Sonic Power, intensity 3 for three times, 20 s each) and emulsified with Freund's complete adjuvant (1 : 9 ratio) following the method described by Cevenini et al. [15] .
Production of monoclonal antibodies
Monoclonal antibodies directed against B.
burgdorferi were prepared using the method of Kohler and Milstein [16] as previously reported [17] .
Surface Immunofluorescence Assay (SIFA)
The immunofluorescence assay directed to the surface-exposed antigen was performed with live bacteria, following the method described by Kochi and Johnson [18] , to verify the exposure of the 14-kDa antigen onto the bacterial surface.
7. Protease treatment
A 100 /.,1 volume (100 ~g of protein) of whole untreated borrelia bodies, harvested as previously described [19] , were suspended in 1 ml of 0.25 M sucrose, 10 mM sodium phosphate, 5 mM Lglutamic acid (pH 7.2). A 10 ~l sample was taken and observed under dark field microscopy to ensure the integrity of the bacteria. After this control, 100 ~g/ml proteinase K (Boehringer Mannheim), trypsin (type XIII, Sigma), chymotrypsin A4 (Sigma) or thermolysin (Boehringer Mannheim), were added to each tube [20] respectively. These suspensions were incubated for 2 h at 37 ° C, with shaking at 100 rpm, using a model KS-10 shaker (Edmund Buhler, Tfibingen, F.R.G.). After the reaction was halted with phenylmethylsulphonyl-fluoride (Boehringer Mannheim), the suspensions were placed on ice for 30 min. After centrifugation at 15 000 x g for 30 min at 4 °C, the resulting pellets were prepared for SDS-PAGE and Western blot analysis.
Autoradiography
14C-amino acids mixture (Amersham) was added to growing cultures of borrelia (1 p.Ci/ml). Intrinsically radiolabeled bacteria were then prepared for SDS-PAGE analysis and autoradiography following standard procedures [21] .
RESULTS

Autoradiography
Incorporation of 14C radiolabeled amino acids into B. burgdorferi was performed: a 14-kDa molecular mass band was clearly demonstrated, as shown in Fig. 1. 
Surface Immunofluorescence Assay
The SIFA test performed with mAb 3H4 tested on B. burgdorferi strain IRS, viable, whole cells showed that the 14-kDa protein was exposed onto the surface of the bacterium.
Protease susceptibility orB. burgdorferi 14-kDa antigen
Treatment of B. burgdorferi preparations with proteinase K completely cleaved the 14-kDa band, whereas the 14-kDa protein was not cleaved by trypsin, chymotrypsin A4 and thermolysin treatment (Fig. 2) . 
Immunoreactivity of the 14-kDa protein
To immunologically characterize the 14-kDa polypeptide, mouse-immune ascites, monoclonal antibody and human sera were tested against B. T. pallidum serum specific antibody and five from patients with rheumatoid arthritis) reactive both by EIA and IFA for B. burgdorferi, was evaluated using Western blotting. Many borrelial polypeptides were recognized by these sera: almost all reacted with the 41-kDa flagellar protein [22] and with several other antigens with different molecular mass, mainly 58-kDa, 60-kDa and 80-kDa, whereas the 14-kDa protein was not identified by any of the above serum samples (data not shown).
An additional group of B. burgdorferi EIA and IFA [23] negative sera was studied by Western blot: as expected, these sera did not react with any of the antigens of B. burgdorferi, including the 14-kDa polypeptide (data not reported).
Seven human sera from patients with Lyme disease, positive as per EIA and IFA [23] tests and with an expansion of the IgG response to at least as many as 10 antigens, as documented by Western blot technique, were studied. The 14-kDa protein was clearly identified in all the specimens evaluated (Fig. 3 ).
DISCUSSION
Many authors reported on the immunogenicity of B. burgdorferi polypeptides during the various stages of Lyme disease (for a review see [24] ).
Major B. burgdorferi antigens described so far were the outer surface proteins A and B [24] (31-and 34-kDa molecular mass, respectively), and the 41-kDa flagellar protein [22] , which were recognized at variance by patients' sera during the different stages of the disease. Additional antigens (as many as 11) could be detected by sera from patients with prolonged Lyme borreliosis [25] .
The variability of the serological response [24] , and that the 14-kDa protein expresses species-specific epitopes.
Further studies investigating a larger number of sera from patients with Lyme disease at different stages may define the role, if any, that antibodies directed against the 14-kDa protein play in the humoral immune response during human B burgdorferi infections, and the possibility to use the 14-kDa protein to discriminate B. burgdorferi infections from other spirochetal diseases.
